We investigate the possibility that dark energy does not couple to gravitation in the same way than ordinary matter, yielding a violation of the weak and strong equivalence principles on cosmological scales. We build a transient mechanism in which gravitation is pushed away from general relativity by a Born-Infeld gauge interaction acting as an Abnormally Weighting (dark) Energy. This mechanism accounts for the Hubble diagram of far-away supernovae by cosmic acceleration and time variation of the gravitational constant while accounting naturally for the present tests on general relativity.
In recent years, there have been increasing evidences in favor of an unexpected energy component -often called dark energy -which dominates the present universe and affects the recent cosmic expansion. The first evidence came from the Hubble diagrams of type Ia supernovae [1, 2, 3, 4] and were thereafter confirmed by the measurements of Cosmic Microwave Background (CMB) anisotropies (cf. [5] and the other companion papers), the large-scale distribution of galaxies [6, 7] and indirectly by the observed properties of galaxy clusters [8] and peculiar velocities [9] . If the existence of dark energy seems unavoidable at the light of such various observational evidences, its precise physical nature is still a mystery.
To account for the dimmed magnitude of type Ia supernovae, it is necessary to invoke a recent acceleration of the cosmic expansion, provided these objects can be considered as standard candles 1 . This is the usual and maybe most sim-ple explanation as this does not require to give up general relativity (GR) for the description of gravitation. Indeed, GR includes naturally a way to accelerate cosmic expansion through a positive cosmological constant. In the standard cosmological picture, based on GR, gravitation contains only spin 2 gravitational degrees of freedom (the metric field g µν ) and obeys the equivalence principle.
The Einstein field equations for these gravitational potentials g µν can be solved by requiring the symmetries imposed by the cosmological principle stating the homogeneity and isotropy of the universe on large-scales. The corresponding geometry for space-time is locally given by the Friedmann-Lemaitre-RobertsonWalker (FLRW) line element:
where a(t) is the scale factor and where we assumed synchronous time coordinate. Here, we have also restricted ourselves to the case of flat space-times for the sake of simplicity. In this framework, the cosmic expansion is ruled by the following equation:ä
where ρ and p stand for the net energy density and pressure of the matter filling space-time 2 . In order to provide the desired cosmic acceleration (ä > 0), it is therefore compulsory to violate the strong energy condition [10] : p < −ρ/3 in the case of a perfect fluid. The most common candidate for violating this condition is a positive cosmological constant Λ for which ρ Λ = −p Λ = Λ 8πG . Although this constant was already introduced by Einstein himself in his theory, its physical interpretation leads nevertheless to intricate problems. Such a negative pressure can be interpreted as a non-vanishing vacuum energy density which value is hugely over-estimated by quantum field theory (cf. [11] for a review and [12] for an interesting alternate interpretation). In addition to this fine-tuning problem, the measured value of vacuum energy density ρ Λ which is of the order of the present critical energy ρ c,0 = 3H 2 0 8πG constitutes an intringuing coincidence. These problems concerning the cosmological constant have made the need of different interpretation of dark energy more and more crucial. Another widespread interpretation of dark energy is the one of quintessence, which most often consists of filling the cosmos with self-interacting neutral scalar fields. Although there are many physical motivations for these models, some based on supergravity, compactified extra-dimensions or spontaneous symmetry breaking, a definitive interpretation of dark energy has still to be provided 3 The basic common feature of all these models is a violation of the strong energy condition p < −ρ/3 to achieve cosmic acceleration.
In this letter, we propose a completely new interpretation of dark energy that 2 In (2), the speed of light c has been set to 1. 3 Furthermore, the cosmic acceleration lasts forever in all these models, driving our universe to a de Sitter state after an infinite amount of time. Some transient acceleration models have been proposed, but they often yield technical complexity (see for example [13] ).
does not require to violate this energy condition. Instead, we assume that "dark" energy violates the weak equivalence principle on large-scales, i.e. it does not couple to gravitation as usual matter and weights abnormally. Doing so, its related gravitational energy will be felt differently by other types of matter, therefore violating also the strong equivalence principle. Under this assumption, we will show that a plausible dark energy mechanism does not need to violate anymore the strong energy condition. This model will be based on a tensor-scalar theory of gravitation in which the convergence mechanism to general relativity during the matter-dominated epoch has recently been altered by the action of an energy violating the weak equivalence principle. In the present letter, this Abnormally Weighting Energy (AWE) will consist of an additional gauge interaction of Born-Infeld (BI) type which will provide a natural scheme for transient dark energy mechanism. We will show how such a scheme can lead to a satisfactory explanation of Hubble diagrams of type Ia supernovae while still accounting for the stringent constraints on GR we know today.
But before going any further, let us give a general theoretical description of the model. Here, we will consider that the energy content of the universe is divided into three parts : a gravitational sector described by pure spin 2 (graviton) and spin 0 (dilaton) degrees of freedom, a matter sector containing the usual fluids of cosmology (baryons, photons, dark matter, neutrinos, etc.) and an AWE sector, here composed by a gauge interaction ruled by BI type gauge dynamics. The introduction of a scalar partner to the graviton allows to account for the violation of the strong equivalence principle as, for instance, the gravitational coupling is no more a constant. Dark energy effects such as the dimmed magnitude of type Ia supernovae will occur because this new gauge interaction does not couple to gravitation in the same way that ordinary matter does leading both to different cosmological expansion and to a variation of the gravitation strength. The violation of the weak equivalence principle by the AWE can be represented by different couplings between gravity, the AWE and usual matter. To express this mathematically, we can write down the following action:
where κ is the "bare" gravitational coupling constant 4 . The previous action is therefore constituted by a gravitational sector with pure spin 2 (g µν ) and spin 0 (ϕ, the "dilaton") degrees of freedom, a gauge sector S BI where the gauge potentials A µ (possibly non-abelian) are ruled by BI dynamics and the usual matter sector S m where the ψ m stand for the matter fields (for example fermions 4 Throughout this paper, we will assume the Planck system of units, in whichh = c = 1 and G = m −2 P l , with the Planck mass m P l = 1.2211 × 10 19 GeV and the gravitational coupling constant is κ = 8πG. We have also set the gauge coupling constant to unity, as it actually defines a system of units for the dilaton field ϕ, provided the dilaton being massless (V = 0). or bosons) that couple universally to the metric g µν through the coupling function A m (ϕ). If the consideration of a scalar sector of gravitation breaks down the strong equivalence principle 5 , the non-universality of the coupling to the metric g µν (A BI = A m ) violates the weak equivalence principle 6 . The action (3) is written in the so-called "Einstein frame" where the metric components are measured by using purely gravitational rods and clocks. We will define the "Dicke-Jordan" observable frame by the conformal transformatioñ
using the coupling function to ordinary matter. Indeed, in this frame, the metricg µν couples universally to ordinary matter and is measured by clocks and rods made of usual matter (and not build upon the new gauge interaction we introduced as the AWE sector). The violation of the weak equivalence principle therefore only concerns the new gauge sector that was introduced in (3). Throughout this paper, quantities with a tilde will refer to the observable frame given by (4).
Let us now turn back on the BI character of the gauge interaction playing the role of AWE. The main idea behind this modification of the usual YangMills (YM) (or Maxwell) gauge dynamics is to avoid point-like singularities in the field strength through classical effects by freezing the gauge potentials and therefore field strength above some given critical energy. This can be done by assuming the following lagrangian for the gauge field
where ǫ c is the BI critical energy and A BI (ϕ) is the dilaton coupling function to the gauge field. The BI critical energy ǫ c defines the scale above which non-linear effects due to the term in F µνF µν 2 become important in gauge dynamics therefore breaking the scale invariance of the gauge fields. Once in this regime, the gauge fields are frozen to a maximal value, avoiding singularities at highenergies. In the low-energy limit ǫ c → ∞ of the BI dynamics, we recover from a Taylor expansion of (5) the usual, conformally invariant, Yang-Mills (YM) lagrangian density for the non-abelian gauge field :
with A BI (ϕ) = 1. Therefore, the interest of BI gauge dynamics resides in the fact that it will ensure a smooth transition from a frozen high-energy regime 5 Gravitational binding energies do not fall the same way as other energies due to the existence of a scalar partner to the graviton. 6 Experiments using the new BI gauge interaction will provide a different inertial mass than all other experiments with broken scale invariance to a radiative, conformally invariant, regime without any breaking of the gauge symmetry. In a cosmological context, this feature will result in a transient period of AWE domination.
Indeed, gauge fields ruled by the lagrangian (5) obey the following equation of state in a cosmological context (see [15, 16] ):
where p BI is the gauge pressure in the Einstein frame, respectively. From the energy conservation and the absence of direct coupling between usual matter (denoted by an indice m in (3)) and the AWE sector, it is possible to write down the scaling evolution of the gauge energy density (see [15] ):
where C is some integration constant 7 . When the condition A −4
BI (ϕ)ρ BI ≫ ǫ c occurs, the gauge field pressure is negative p BI /ρ BI ≈ −1/3, as can be easily seen from (7), and the related gauge field energy density scales as (A BI (ϕ)a) −2 , while the field strength is frozen. However, in the low-energy regime A −4 BI (ϕ)ρ BI ≪ ǫ c , the fluid becomes relativistic p BI /ρ BI ≈ 1/3 as can be expected from the scale invariance of the gauge fields at such low energies. These two extreme regimes correspond to a gas of Nambu-Goto strings in three spatial dimensions on one hand (high-energy limit) and radiations on the other (low-energy limit). The transition between these regimes occurs smoothly and a vanishing pressure p BI = 0 is encountered when the BI energy density is of order of the BI critical energy scale ǫ c (see [15] ).
The general cosmological dynamics of the action (3) have been studied in details in [15] for various couplings of the gauge field to the dilaton. Here, we will focus on describing the transient dark energy mechanism based on this dynamics. Therefore, we will briefly recall some of the main results of this paper and encourage the reader to consult [15] for more details. Let us now write down the field equations for the cosmology induced by the action (3) in the framework of the symmetries prescribed by the cosmological principle and the metric (1). First, the Friedmann equation (or Hamiltonian constraint) writes down
where a dot denotes a derivative with respect to the time coordinate t. In the previous equation, ρ m and ρ BI stand for the energy density of the matter and gauge sectors in (3), respectively (Einstein frame). The acceleration equation is given byä
It is also important to notice that there cannot be any cosmic acceleration in terms of the metric g µν (the dilaton ϕ has been considered massless). Indeed, the highest value ofä that can be achieved in this frame is identically zero (see 10), in the limit of the pure Einstein-Born-Infeld system at high energies
). The BI gauge interaction therefore never violates the strong energy condition. The dark energy effects will occur only in the observable frame related to ordinary matter, given by the conformal transformation (4).
As there is no direct coupling between the gauge and the matter sectors in (3), the behavior of the matter energy density and pressure are given as in usual tensor-scalar gravity. These quantities are given in the observable frame defined by (4) byρ
where ρ m and p m represent these quantities expressed in the Einstein frame. In the observable frame, they have the same scaling law than in standard cosmology based on GR.
The scalar gravitational dynamics are given by the Klein-Gordon equation:
where
The violation of the weak equivalence principle by the different coupling of the BI gauge interaction to the dilaton (α BI = α m ) implies that the history of the universe can be seen as a competition between usual matter and AWE, particularly if the first attracts the field toward values corresponding general relativity (here ϕ = 0 andφ = 0) while the last repulses away from it. Furthermore, as the dark energy sector is constituted by a BI gauge interaction, this competition will be temporary because of the equation of state (7). In the strong-field limit (p BI /ρ BI ≈ −1/3), the negative pressure will first allow a late domination of AWE. Then, the phase transition to low-energies and radiation behavior will ensure a sub-dominance of AWE and a transient character of the dark energy mechanism. Furthermore, the radiative phase of the BI gauge interaction (p BI /ρ BI ≈ 1/3) will decouple it from the scalar sector (see (13) ) and once in this regime we will retrieve usual tensor-scalar theory of gravitation. A well-known and remarkable feature of such theory is that they present a natural attraction towards general relativity during matter-dominated era (see [17] and references therein), which is ensured when the coupling function α m (ϕ) has a global minimum or which can be achieved provided specific initial conditions for general coupling functions. During radiation-dominated era (p/ρ = 1/3), there is no attraction in general because the fluid is not directly coupled to the scalar field 8 . In order to introduce a competition between attraction by ordinary matter and repulsion by AWE in (13) , it suffices to assume the following usual coupling functions:
The deviation from GR might occur when the dilaton ϕ is pushed away from the minimum of the matter coupling function A m (ϕ), which actually corresponds to GR, by the dominance of the BI interaction in dilaton dynamics. This deviation from GR is achieved in (13) when
where we assumed the dominant matter is dust (p m ≈ 0). The deviation from GR during the process is ensured by a constant drag term (α BI = k BI ) while the late convergence to GR at the end of the mechanism is ensured by the efficiency of the attraction mechanism associated to the coupling function α m = k m ϕ (see [17] and references therein). The convergence occurs when the force term due to ordinary matter in (13) dominates which happens either when matter dominates, either when the BI gauge interaction behaves like radiation (Yang-Mills dynamics, p BI /ρ BI = 1/3). Considering a BI gauge interaction as a source of the weak equivalence principle violation therefore allows to account for the validity of GR both in the early times of Cosmic Microwave Background (CMB) and Big Bang Nucleosynthesis (BBN) (when the BI gauge interaction was subdominant) and today (when the BI interaction looks like radiation). In this model, gravitation can be close to GR even if dark energy (AWE) dominates, as suggested by observations. The dark energy mechanism based on a BI gauge interaction violating the weak equivalence principle considers that gravitation is pushed away from GR for a short period in recent time during the domination of the BI gauge interaction while the ordinary matter cosmologicaly attracts gravitation to GR before the AWE dominance and after its phase transition to radiation.
Let us illustrate now the plausibility of this mechanism, where dark AWE never violates the strong energy condition p > −ρ/3 in the Einstein frame, by trying to reproduce a Hubble diagram built upon recent available data on far-away type Ia supernovae [4] . Within the framework of tensor-scalar gravity, the dimmed magnitude of such objects could be explained both by an acceleration of cosmic expansion and a time variation of the gravitational constant. In this sense, type Ia supernovae are no more standard candles for cosmology. In [18, 19] , the authors proposed the following toy model for the moduli distance vs redshift relation of type Ia supernovae:
In the previous relation, d L (z) is the luminous distance (in Mpc) given by
for a flat universe.H 0 is the observed value of the Hubble constant. Indeed, the expansion rateH(z) has to be estimated in the observable frame related to usual matter (4) where it is given by:
where H =ȧ/a is the Hubble parameter in the Einstein frame (in which (3) is written), a dot denoting a derivative with respect to synchronous time t in this frame 9 . In the definition of the moduli distance (17) , G ef f is the effective gravitational "constant " at the epochz and G 0 is the (bare) value of this constant today, where gravitation is well-described by GR. In tensor-scalar theory, the effective gravitational constant for experiments with compact objects is given by
In addition to account for moduli distance data, any dark energy mechanism based on tensor-scalar theory of gravitation should be in agreement with the present tests of GR. The usual tests include post-newtonian dynamics of compact bodies like spacecrafts, planets and binary systems, which are obviously 9 We remind the reader that the observable scale factorã and synchronous timet are given byã 
Another constraint is the time-variation of the gravitational constant:
To these constraints on the violation of the strong equivalence principle, one should add the constraints on the weak equivalence principle, which is tested at the 10 −12 level by the universality of free fall of inertial masses with different compositions [23] . Although the BI gauge interaction acting as AWE violates this universality of free fall, we might consider that this effect is extremely weak (and not observed in practice) provided the dark energy density (AWE sector) at our scale is of the order of its cosmological value (a few times the critical density: ρ c ≈ 10 −29 g/cm 3 ). This is true if the BI AWE does not cluster too much at our scale, an assumption that should be verified in forthcoming works. Therefore, we will only consider the constraints (21), (22) and (23) while discarding the effects on the universality of free fall for the moment. The dark energy model proposed here actually depends on four free parameters. Two of them are related to the scaling law of the BI gauge energy density: the initial energy density at some initial epochρ BI (a i ) and the critical BI energy ǫ c which fixes the late phase transition of the gauge interaction to a radiative regime. The other two will rule the dilaton dynamics : they are the parameters k BI and k m of the two dilaton couplings to the BI interaction and to matter, respectively. The cosmological evolution will be determined by integrating the relations (10) and (13) (while checking violation on the hamiltonian constraint (9) as in [15] ), then the observable quantities are derived using (4), (19) and (20) . The initial conditions will be determined as follows. We start at the beginning of the matter-dominated era (z ≈ 1000) with a negligible amount of AWẼ ρ m (a i ) ≫ρ BI (a i ). We will assume that at this time the gravitational law is GR (ρ BI sub-dominant and ϕ i = 0 andφ i = 0). Furthermore, we will arrange the parametersρ BI (a i ) and ǫ c such that the energy contributions of the various cosmological fluids (usual matter and AWE) are as suggested by several independant cosmological observations:Ω m (a 0 ) ≈ 0.3 (plus the extra assumption of a flat universe). We therefore need to specify the observable energy contributions. This can be done by performing the conformal transformation (4) on the Friedmann equation (9) . It yields 
Let us now present some predictions of the mechanism presented here, keeping in mind that the distance-redshift relation (17) is a toy model. Figure 1 illustrates the adequacy of the model to the Hubble diagram of type Ia supernovae collected by the SNLS collaboration [4] . As a matter of comparison, we also give the value of the χ−square, marginalised over H 0 , per degrees of freedom denoted byχ 2 /dof . The model was first set by minimising theχ 2 to a value very close to the best fit ΛCDM model. Then, as the constraints (21), (22) and (23) were not completely verified for these best fit models, we pushed the time-integration a little bit further to let the attraction mechanism fix this naturally. This resulted in the slightly increased value ofχ 2 /dof mentioned in the caption of Figure 1 . We will not go deeper here into these statistical issues, as our aim is to illustrate the dark energy mechanism described here. A detailed statistical comparison with a cosmological constant scenario will be the subject of a forthcoming work. (17), the model does not require any cosmic acceleration (see Figure 2b) ). Instead, a variation of G N reaching its maximum value of about 75% more than today at z ≈ 1.5 sufficies to account for data. However, we have examined what happens if the correction due to the variation of G N has been over-estimated in (17) . In this case, we found that the variation of G N is accompanied by transient cosmic acceleration to match data. This acceleration is only due to the interpretation in the observable frame (4) through the action of the scalar field ϕ and not to a violation of the strong energy condition in the frame of the physical degrees of freedom (see also [15] ). Therefore, the dimmed magnitude of type Ia supernovae can be explained in our model by a combination of a variation of G N and transient cosmic acceleration. The amplitude of each of these effects depends only on the relation between distance and redshift for type Ia supernovae. In our model, the age of the universe also stays close to the value of a matterdominated universe, for a given value of H 0 . Figure 3 represents the evolution of the post-newtonian parameters (21), (22) and the constraints on the absolute variation of G N (23). The quickness of the convergence is due to the sudden decoupling of the BI gauge interaction once it reaches its radiative regime (see also Figure 4) ). The peak in the time absolute variation of G N corresponds to the maximum value of G N in Figure 2a ) (φ = 0). Finally, Figure 4 illustrates m atz = 1000) while gravitation is well described by GR (ϕ ≈ 0,φ ≈ 0). Then, as the energy densities progressively cool down to coincidence (ρ BI ≈ρ m nearz = 10), the scalar field is pushed away from 0 (GR) by the increasing repulsive influence of the BI gauge interaction. This repulsive influence rapidly decreases betweenz = 2 andz = 1 as the gauge field becomes radiative (p BI /ρ BI = 1/3) and decouples from the scalar sector. Between this period and today, matter becomes dominant in the dynamics of the scalar field and attracts it towards GR to finally achieve the level of precision we know for it today. However, during a short period of time in the very recent cosmic history, gravitation was substantially different from GR and lead to the dark energy effect we observe in the Hubble diagram of type Ia supernovae.
This letter has presented a new dark energy mechanism that is completely different from most of the models considered so far. Indeed, it starts from the assumption that this energy abnormally weights and violates the weak equivalence principle which obviously lead to a violation of the strong equivalence principle as modeled by a tensor-scalar theory of gravitation. This assumption has the remarkable consequence that "dark" AWE does not need anymore to exert too negative pressures (and a violation of the strong energy condition) to achieve its job. This is what we have done by giving our AWE the form of a BI gauge interaction violating the weak equivalence principle. Such a gauge interaction provides a natural transient dark energy mechanism based on a deviation from general relativity when the gauge field strength is frozen by vaccum polarization and dominates the energy content of the universe, followed by an attraction to GR provided by ordinary matter when the gauge field becomes radiative. This mechanism is able to account for supernovae data both by a time-variation of G N and transient cosmic acceleration, while still accounting for the precise tests of the equivalence principle today and not requiring any departure from GR during the radiative era. However, this mechanism is likely to have a deep impact on cosmology in the matter-dominated era. The variation of G N and the cosmic expansion it implies to account for the dimmed magnitude of type Ia supernovae have probably left significant imprints on phenomena like structure formation and post-recombination effects on the CMB, which could strongly differ from their expectations in the concordance model ΛCDM . Another effect that is worth considering is the clustering of such AWE and its consequences on the violation of the universality of free fall. A careful study of all these effects could therefore learn us a lot of things on the deep nature of dark energy and its links with gravitation. In particular, the answer to the question whether there is something in the universe that is not ruled by the equivalence principle could well be within our reach. If proved true, this would completely change our views of gravitation and the universe.
